Purposes To test the stability of the SOC scale over time and to test the stability of the latent construct in 417 breast cancer patients at the time of diagnosis, after 1 year and in a subsample (n = 80) also 2 and 3 years later. Methods The 13-item SOC scale was firstly tested with mean values and ICC over time and secondly explored with cross-sectional factor analysis, separately for two time points (baseline and after 1 year), followed by a longitudinal factor analyses. Results Our results provide support for the stability over time (ICC 0.68, effect size 0.06). The cross-sectional factor analysis revealed a modified three-factor and a secondorder factor model meeting criteria for goodness of fit. The longitudinal modified second-order factor model confirmed the construct stability character of the SOC scale with an acceptable goodness-of-fit criteria; X 2 /df = 2.91; GFI = 0.87; RMSEA = 0.07; CFI = 0.84; AIC = 962.3. The proportion of variance (R 2 ) was 0.42.
Introduction
The concept of sense of coherence (SOC) was described by Antonovsky [1] in an attempt to explain why people remain healthy during times of considerable strain and are determined to make sense of difficult experiences or situations. Antonovsky proposed the concept of SOC to describe a health-protective behavior pattern and having a stressbuffering effect. SOC is defined as a global orientation that expresses the extent to which one has a pervasive, enduring though dynamic feeling of confidence that: (1) the stimuli deriving from one's internal and external environment are structured, predictable and explicable; (2) the resources are available to one to meet the demands posed by the stimuli; and (3) these demands are challenges, worthy of investment and engagement [1] . The three components are known as comprehensibility, manageability and meaningfulness, and Antonovsky argued that the three components are dynamically interrelated [1] . He considered that the SOC represents a stable dispositional orientation; it develops through adulthood (30 years) when it stabilizes and remains relatively stable and only fluctuates temporary when radical life events occur [1] . His hypothesis was that a high SOC will decrease the likelihood of perceiving the life environment as stressful, thereby resulting in better health and in better quality of life. The SOC scale developed by Antonovsky for measuring the SOC concept has in numerous studies showed reliability and validity [2] . There is evidence to support that a higher degree of SOC correlates with better self-reported health status [3] , less prevalent occurrence of symptoms [4] , less distress [5, 6] and better adaptation to a life situation during a disease regardless of disease severity [3, 4, 7] and improved survival [8] . Despite convincing evidence that the SOC scale is a unique measure of a person's overall ability to cope with life strain, there is an ongoing debate as to whether the scale is stable over time [9, 10] . Most studies indicate that the degree of SOC scale scores does not change when major changes occur in life such as pregnancy [11] , or when individuals suffer from medical or psychiatric conditions, e.g., in samples including patients undergoing treatment, for example severe depression [12] , colorectal cancer [13] , HIV/AIDS [14] and myocardial infarction [15] . Although some studies show that the SOC scores do change over time [16, 17] , Eriksson and Lindström [2] concluded in their review that changes over time were small. The studies also show that while the scores of the SOC scale remain stable, quality of life measures change, indicating that the SOC scale is a trait measure.
When testing the construct of the SOC scale, different studies have found different factor structures. The majority provide support for the hypothesis that the SOC scale reflects a single latent factor, although with a three-factor structure represented by the three components (secondorder model) [18] [19] [20] . Studies assessing the construct stability of the SOC scale using longitudinal confirmatory factor analysis models found acceptable fit over time for models reflecting SOC as a higher-order construct [9, 21] . SOC was closely related to the three dimensions (i.e., three-factor or second-order model) rather than the model relating to one unitary construct (i.e., one-factor model).
Several studies of patients with breast cancer, at different time points during the disease, support that higher SOC scores are correlated to higher ratings of quality of life [3, 22, 23] , but none has evaluated its stability over time in this group (i.e., the stability of the level of SOC), nor the stability of the theoretical nature of the construct (i.e., the stability of the factor structure of the SOC). The present study originates from a multicenter trial investigating subjective and objective arm morbidity, health-related quality of life and SOC after different types of breast cancer surgeries at the time of introducing the sentinel node biopsy concept, a minimally invasive surgical procedure of the axilla [24, 25] . Over 500 patients were included and followed up to 3 years after the surgery. The cohort sample size and the longitudinal design of this cohort have the unique potential to examine if the SOC scale is stable over time and if the underlying latent construct is stable in patients with breast cancer from the time of diagnosis (preoperatively) to 1 year later and in a subsample also 2 and 3 years later.
Purposes
The purposes of this study, conducted in surgically treated breast cancer patients, were to test the stability of the SOC scale over time and to test the stability of the latent construct.
Methods
The study design was a prospective multicenter trial where four Swedish, large volume breast units at three tertiary university hospitals and one county university-affiliated hospital participated as mentioned above. The enrollment was on a consecutive basis. The recommended surgical and adjuvant treatment was based on national and regional guidelines.
Samples
The study cohort included women (n = 557) with invasive breast cancer and was part of a multicenter trial assessing arm lymph edema as previously mentioned. Eligible patients had either undergone sentinel node biopsy or axillary lymph node dissection in addition to the breast surgical procedure. Exclusion criteria included difficulty in understanding the Swedish language and inability mentally or physically to participate in the pre-and postoperative evaluation. Women with bilateral breast cancer, any previous axillary treatment or clinically fixed axillary metastases were also excluded. In total, 417 patients (75 %) answered a complete SOC scale both preoperatively (T1) and 1 year postoperatively (T2). These patients formed the main sample of this study. A subsample consisting of 80 patients from one of the study sites (university hospital) was evaluated additionally two (T3) and three (T4) 
Data collection
The sense of coherence (SOC) scale is a self-assessment questionnaire consisting of 13 items, where five relate to comprehensibility (items 2, 6, 8, 9 and 11), four to manageability (items 3, 5, 10 and 13) and four to meaningfulness (items 1, 4, 7 and 12). The questionnaire is answered on a seven-point semantic differential scale with two anchoring responses. An example of an item in the component of comprehensibility is ''Has it happened in the past that you were surprised by the behavior of people whom you thought you knew well?'' (item 2) with the anchoring responses ''never happened'' and ''always happened''; in the component of manageability, ''Has it happened that people whom you counted on disappointed you?'' (item 3) with the anchoring responses ''never happened'' and ''always happened''; and in the component of meaningfulness, ''How often do you have the feeling that there's little meaning in the things you do in your daily life?'' (item 12) with the anchoring responses ''very often'' and ''very seldom or never'' [1] . The items are scored 1-7 and some items are reversed when aggregated to reflect a total SOC score ranging between 13 and 91 points. Higher score indicates a higher degree of SOC. The scale has demonstrated validity and reliability cross-culturally including the translated Swedish [2] . After consent, the study-affiliated nurses at each center handed patients the SOC scale before surgery and during follow-up visits. To obtain follow-up data, clinical and medical data were registered through medical chart review and disease progression data were matched against the National Cancer Registry.
Data analysis
Descriptive statistics were used to characterize the sample with regard to clinical data. The Cronbach's alpha reliability coefficient of the SOC scale was evaluated, and a Cronbach's alpha coefficient equal to or greater than 0.70 is considered satisfactory [26] . In all analyses, a p value 
Test-retest
Differences in mean values over time were analyzed with student's t test in the main sample and repeated measure in the subsample and intra-class correlation coefficient (ICC).
As suggested [27] , ICC is interpreted to be poor \0. 
Longitudinal factor analyses
To further assess the stability of the SOC scale, both crosssectional and longitudinal factor analysis models were used. The factor analyses were based on the main sample (n = 417). Firstly, the theoretical construct was explored cross-sectionally separately for the two time points (T1 and T2) in three steps: one-factor, three-factor and secondorder factor models, as illustrated in Fig. 1 , in accordance with Antonovsky's theoretical modeling and earlier studies [1, 9, 21] . The longitudinal factor analysis models were thereafter created by combining the cross-sectional models together with evaluation of the stability of the hypothetical underlying constructs. The goodness-of-fit of all models were evaluated by Chi-square to the degrees of freedom ratio (criteria: ratio \3), goodness-of-fit index (GFI) (criteria: C0.90), comparative fit index (CFI) (criteria: C0.90) [29, 30] and root-mean square error of approximation (RMSEA) (criteria: \0.08) [29] . Improvements in the model fit are evaluated by a decrease in Akaike's information criterion (AIC) [31] . The longitudinal factor analysis model fits if the relation between the observed variables and their underlying latent variables do not change over time [32] . The squared multiple correlation (R 2 ) equal to the proportion of variance at T2 explained by the estimation at T1, (R 2 ) equal to or above 0.40 is considered as satisfactory [30] . The traditional cutoff level for factor loading is greater than 0.40 [28] .
Results
The demographic and clinical data of the sample are summarized in Table 1 Cronbach's alpha at all measurement time points in both samples was above 0.80. The SOC mean score, of the study cohort, at T1 was 70.9 (SD 10.3, range 42-90) and 70.2 (SD 11.4, range 33-91) at T2. There was no significant difference between T1 and T2. The intra-class correlation coefficient (ICC) between T1 and T2 was 0.68 and the effect size 0.06. The mean SOC score of the subsample at T1 was 69.9 (SD 10.4, range 44-89), at T2 71.1 (SD 11.0, range 33-91), at T3 72.3 (SD 11.2, range 39-90) and at T4 71.3 (SD 11.0, range 43-91). There was a statistically significant difference (p = .026) in the subcohort between T1 and T3. The ICC in the subcohort ranged from 0.68 to 0.74, and the effect size ranged from 0.10 to 0.21 during the four time points. 
Factor analyses
The goodness-of-fit indices of the cross-sectional factor analysis models at the two time points are presented in Table 2 . The one-factor, three-factor and second-order structures did not reach all the criteria of model fit both at T1 and T2. The main measurement errors occur mainly between the items 1 (belonging to the component meaningfulness), 2 (belonging to the component comprehensibility) and 3 (belonging to the component manageability) at T1 and T2 (Table 2, 3) . A modification of the models allowing correlation between measurement errors between items, both at T1 and T2, improved all models. Both the three-factor and the second-order factor models met all criteria for goodness-of-fit models at T1 and T2. The results of the longitudinal factor analysis models, with correction by allowing correlation between measurement errors of the same items for the two time points, are given in Table 3 . The last model, the longitudinal modified second-order factor model, had satisfactory goodness-of-fit criteria. Although the values of the fit indices GFI and CFI were slightly lower than the suggested fit levels, Chi-square to the degrees of freedom ratio and RMSEA values met standard criteria. The smaller Chisquare and AIC in the last longitudinal modified model showed the better fit of the data in this model. Comparison between the longitudinal modified two-factor and secondorder factor models showed that the factor loadings were similar in both models with standardized parameter estimates, varying between 0.26 and 0.81 at T1 and 0.35-0.78 at T2. Items 1, 2 and 3 had factor loadings below 0.40 at T1 and item 1 and 2 at T2. The correlation coefficient between the latent factors was 0.65, and the proportion of variance in the final model was R 2 = 0.42 (Fig. 2) . Table 2 Goodness-of-fit indices for the cross-sectional factor analysis models of the sense of coherence scale at baseline (T1) and 1 year later (T2) in women with breast cancer (n = 417)
Measurement models T1 T2 [2] . Our longitudinal factor analysis further confirmed the construct stability character of the SOC scale. The patients rated SOC at the time of diagnosis and 1-3 years later as this time period was assumed to be appropriate to reflect any changes. Our study confirms the SOC structure's stability in that the overall scale reflects one higher-order construct closely related to the three components: comprehensibility, manageability and meaningfulness. We found the strongest support, both at T1 and T2, for a second-order factor solution (although allowing correlation between measurement errors of some items). The measurement error correlations and lower factor loadings of the items 1, 2 and 3 have been found in other studies. Item 1 (''Do you have the feeling that you don't really care about what goes on around you'') had the lowest factor loading in a Chinese population [18] , and in another population, this item has shown misfit in a Rasch analysis [20, 33] . Ding et al. [18] argued that the measurement error of item 1 could be related to cultural disparities as it does not correlate with the component meaningfulness in the Chinese population. On the other hand, Holmefur et al. [20] showed in their Rasch analysis that the problem with item 1 related to a skewed answering pattern with only three out of the seven scale steps used. Items 2 (''Has it happened in the past that you were surprised by the behavior of people whom you thought you knew well?'') and 3 (''Has it happened that people who you counted on disappointed you?'') have in other studies also showed correlated measurement errors [18, 19, 21] . These items appear to relate to cross-cultural issues, and it has been suggested that items 2 and 3 might address the same issue [21, 34] or constitute an additional structure reflecting interpersonal relationships [19] . Holmefur et al. [20] showed these two items to be locally dependent and that item 2 had a misfit in the component scale comprehensibility. We do not consider that the measurement problem with item 1 is culturally related as it has occurred in studies in different cultural settings. The solution to use an answering scale with less scale steps suggested by Holmefur et al. [20] may resolve the problem with item 1. Furthermore, our interpretation is that item 2 is the most problematic item, and therefore, we suggest that future psychometric studies should focus on factorial analyses of the SOC scale without that item. The problem with item 3 might depend on the misfit of item 2. Most studies examining the factorial validity of the SOC scale have been performed on the 13-item scale. The majority, and also our present, provide support for a stable second- Fig. 2 The longitudinal second-order factor model with standardized parameter estimates allowing correlations between measurement errors of the items at T1 and T2. CO Comprehensibility, ME meaningfulness and MA manageability order factor structure (i.e., that the SOC scale reflects a single latent factor, although with a three-factor structure represented by the three components).
Methodological considerations that should be considered when interpreting the results were the representativeness of the sample with a response rate of 75 % of those who accepted to participate in the study. A limitation is that no documentation was available of how many who refused to participate. Only women participated in this study, but Hittner [19] found factorial equivalence for men and women.
Conclusions
This study presents evidence that the SOC scale and the underlying construct are stable over time in adulthood, when applied to women newly diagnosed with breast cancer when measured 1, 2 and 3 years postoperatively. The longitudinal factor analysis gives support of a stable second-order factor model, demonstrating the SOC scale as a suitable instrument for measuring life stress in women with breast cancer. The results, e.g., correlated measurement errors between items, challenge future psychometric studies on alterative factor structures.
